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(57) Abstract 

A contoured and sharpened needle (I), used for surgical cutting, is formed with a gently curved shaft (2) which 
matches the surface (19) of the anterior lens capsule (20). The shaft (2) of the needle (1) is bent to provide easy handling of 
the needle during surgery. Irrigation fluid is delivered through the shaft (2) of the needle (1) to prevent the tip (10) from 
heating and to minimize trauma to the surrounding tissue. The tip (10) is hook-shaped to allow it to hook and remove the 
cut anterior capsule (20) once the cutting procedure is finished. 
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SURGICAL CUTTING INSTRUMENT FOR ULTRASONIC EYE SURGERY 

BACKGROUND OF THE INVENTION 

5 Field of the Invention; 

This invention concerns an ultrasonic cutting 
device and more particularly concerns a cutting needle 
designed to match the curve of the surface p t f^ the ante- 
rior lens capsule for facilitating eye surgery. 

10 

Description of the Prior Art ; 

In designing an ultrasonic cutting instrument 
for performing delicate surgical procedures on the eye, 
such as, for example, an anterior capsulotomy, it is 

15 important that the instrument be shaped to allow a 

smooth and continuous cutting of the anterior capsule. 
It is also important to provide some means to minimize 
the chances for inflicting damage inside the eye, such 
as that caused through contact of the cutting instru- 

20 ment with the endothelium of the eye. Moreover, it is 
necessary during such a procedure to avoid the forma- 
tion of anterior capsule tags. 

One attempt to design an ultrasonic cutting 
instrument adapted for cataract removal procedures is 

25 disclosed by Banko in U.S. Patent No. 3,589,363 wherein 
a hand-held instrument having an operative tip vibrat- 
ing at a frequency in the ultrasonic range is designed 
with various cutting tip configurations shaped accord- 
ing to the particular type of material or tissue to be 

30 broken apart or removed. The entire shaft of the cut- 
ting tool is disposed in a coaxial relationship with 
the handle of the cutting tool and therefore is incap- 
able of conforming to the curve of the surface of the 
anterior lens capsule. 

35 Other cutting instruments have been developed 

in the past but none have met the need for an instru- 
ment which will quickly and uniformly cut the anterior 



WO 86/02257 



PCT/US85/02G44 



- 2 - 

capsule so as to prevent the formation of loose ante- 
rior capsule tags. 

SUMMARY OF THE INVENTION 
5 Accordingly^ this invention has been made to 

fulfill the needs described above, and therefore has as 
an important object providing a surgical cutting needle 
adapted to cut the anterior eye capsule in a, very short 

i 

period of time, for example, within a maximum ultra- 

10 sound time period of 20 seconds. 

A further object of the invention is to pro- 
vide a surgical cutting needle which, when attached to 
an ultrasonic handpiece such as a Fragmatome* hand- 
piece, will ensure uniform cutting of the anterior 

15 capsule such that loose anterior capsule segments are 
prevented from being left behind. 

Yet another object is to provide a surgical 
cutting needle which facilitates the cutting of the 
anterior capsule in a plurality of shapes, such as 

20 circular/ square and triangular. 

A still further object of the invention is to 
provide a surgical cutting needle having a hollow chan- 
nel formed therethrough for the passage and delivery of 
irrigation fluid so as to efficiently cool the needle 

25 and its cutting tip. 

A further object of the invention is to main- 
tain the depth or shape of the anterior eye chamber 
with irrigation fluid so as to avoid contact of the 
surgical cutting needle with the epithelium. 

30 Another object is to provide a surgical cut- 

ting needle adapted to pull and remove a cut anterior 
capsule out of the eye after termination of the ultra- 
sound. 

The foregoing and other objects are achieved 
35 according to the present invention by the provision of 
a specially bent and sharpened needle having a gentle 
curve that matches the surface of the anterior lens 
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capsule. Special bends and a sharpened tip provide 
easy handling of the needle during surgery and help cut 
the anterior capsule rapidly, uniformly and without 
leaving anterior capsule tags. Irrigation fluid is 
5 delivered through a hole in the tip of the needle to 
prevent the tip from heating so as to minimize trauma 
to tissue surrounding the tip and to maintain a deep 
anterior chamber during the cutting operation.. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Various other objects, features and attendant 
advantages of the present invention will be more fully 
appreciated as the same becomes better understood from 
the following detailed description when considered in 

15 connection with the accompanying drawings, in which the 
same reference characters designate like or correspond- 
ing parts through the several views. In the drawings: 

FIGURE 1 is an elevation view showing the 
surgical needle attached to a mounting support; 

20 FIGURE 2 is an enlarged elevation view of the 

tip of the needle showing the details of the upturned 
cutting surface provided adjacent the fluid outlet; 

FIGURE 3 is a sectional view of* the tip of 
the needle taken along Line III-III of Figure 1; 

25 FIGURE 4 is a sectional view of the needle 

tip taken along Line IV-IV of Figure 3; and 

FIGURE 5 is an elevation view showing the 
surgical needle in an operative mode wherein the pro- 
file of the needle is shown to match the contour of the 

30 anterior lens capsule of an eye. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
The cutting instrument developed in accord- 
ance with the invention will now be described in con- 
35 junction with the drawings. Referring first to the 

Figures 1 and 2 r hollow needle 1 is formed with a shaft 
2 of, for example, 23 gauge tubular stainless steel, 
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thereby defining an internal channel 3 throughout its 
entire length for the passage of irrigating and/or 
cooling fluid therethrough. 

As shown in Figure 5, irrigating fluid 8 is 

5 used to pressurize and maintain the shape and particu- 
larly the depth of the anterior chamber 5 of the eye 
during the cutting operation in order to prevent the 
needle 1 from touching the endothelium 7 of . the ante- 
rior chamber 5, The fluid 8 flowing through the needle 

10 1 is also used to cool the needle tip 10 so as to mini- 
mize trauma to the tissue surrounding the cut formed 
with the sharpened needle tip and to minimize heating 
of such tissue. 

The needle 1 may be mounted upon a needle 

15 support 9 adapted for attachment to an ultrasonic 

source by, for example, screw threads 11. The needle 
support 9 may be formed with flat surfaces 13 for 
engagement with a tool for torquing the needle support 

9 into a handpiece. The handpiece typically houses an 
20 ultrasonic generator for powering the needle. An 

important feature of needle 1 is the formation of bend 
15 at a point approximately midway between needle tip 

10 and the point of attachment 16 of needle shaft 2 to 
the needle support 9. Bend 15 may extend within an 

25 angle A from approximately 10 to 75 degrees, although a 
bend of 35 degrees has been found to be preferable. 

The distal portion 17 of the needle 1 which 
extends from bend 15 to tip 10 is gently curved along 
surface 21 to match or complement the surface 19 of 

30 anterior lens capsule 20 as shown in Figure 5. The 
base portion 18 of needle 1 extends from bend 15 to 
attachment point 16 on needle support 9. It has been 
found that distal portion 17 may extend over a length 
of approximately one half inch and may be formed with a 

35 radius of curvature of approximately 1.0 to 1.5 inches 
to suitably conform to the surface profile 19 of the 
anterior capsule 20. In this manner, contact with the' 
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endothelium 7 is minimized so as to prevent injury 
thereto. The gentle curve defined by contoured surface 
21 allows a more uniform cut to be made as compared 
with needles lacking bend 15 and lacking the gentle 
5 curve defined by surface 21. 

As shown in greater detail in Figures 2 r 3 
and 4, the distal portion 17 of the hollow needle shaft 
2 is formed with a turned or hooked tip 10 defining a 
saddle-shaped surface portion 23. Saddle 23 may be 
10 formed with a radius of curvature R of approximately 
0.010 to 0.020 inch to form a hook-shaped tip 10 for 
hooking and removing the cut anterior capsule once the 
cutting procedure is finished. The hooked tip 10 is 
formed from the homogeneous tubular stock material of 
15 shaft 2 to facilitate manufacture. It has been found 
advantageous to round off tip sections 25 and 27 with 
chamfer radii of approximately 0.020 to 0.025 and 0.012 
to 0.018 inch respectively; Flat surface portions 29 
are formed between rounded tip sections 25 and 27 at 
20 the exit point of the channel 3 and may extend over a 
length of, for example, 0.010 to 0.040 inch. 

As more clearly shown in Figure 4, a concave 
surface 31 is formed between the flat surface portions 
29. Concave surface 31 is formed beneath or opposite 
25 saddle surface 23 and gradually diminishes in depth 
with respect to flat surfaces 29 as needle tip 10 
tapers towards its apex 33. It has been found advanta- 
geous to turn or hook tip 10 through an angle B defined 
between flat surfaces 29 and cutting edges 35. A pre- 
30 ferred value for angle B is 60 degrees. 

As shown in Figure 2, apex 33 is provided 
with a chamfer radius 34 ranging from, for example, 
0.002 to 0.004 inch. As depicted in Figure 4, apex 33 
is included within an angle C of approximately 10 
35 degrees and is defined between lateral tip surfaces 37 
to form a wedge-shaped tip. In addition, apex 33 is 
further included within an angle E of approximately 15° 
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so as to define a double tapered tip. Lateral tip 
surfaces 37 can be seen to taper inwardly from the 
sharp cutting edges 35 through angle C thereby defining 
edges 35 as chisel-shaped cutting edges. Tip apex 33 
5 is further seen in Figure 3 wherein sharp linear cut- 
ting edges 35 are shown to taper toward tip 33 to form 
a compound or faceted wedge-shaped tip included within 
an angle D of approximately 40 degrees thereby forming 
compound angled surfaces along tip 10. Surfaces 29, 35 
10 and 37 may be formed by grinding. 

Edges 35 are designed to effect a clean, fast 
. and uniform cut of the anterior capsule 20. When 
needle support 9 is attached to an ultrasonic vibrator 
and subjected to a power of, for example, 6 to 9 watts, 
15 the tip 10 will enable the anterior lens capsule 20 to 
be quickly and uniformly cut. Irrigation fluid 8 is 
delivered through channel 3 to prevent the tip 10 from 
heating and to maintain a deep and pressurized anterior 
chamber 5 during a surgical procedure. By keeping the 
cutting tip 10 cool, damage to the anterior chamber 5 
of the eye is prevented. Most of the vibration along 
shaft 2 occurs at bend 15. Longitudinal movement of 
the distal end 17 with respect to the base portion 18 
and the support 9 is reduced through the formation of 
25 bend angle A thereby allowing just enough vibration to 
transform the needle 1 into an extremely sharp knife 
which uniformly cuts the anterior capsule 20. 

The gentle curve 21 formed on the distal 
portion 17 of the needle 1 is dimensioned to match the 
anterior surface 19 of the anterior lens capsule 20. 
This gentle curve facilitates smooth and continuous 
cutting of the anterior lens capsule 20 so as to expe- 
dite all cutting procedures. 

Accordingly, the bend 15, gentle curved sec- 
tion 21 and the sharpended tip 10 provide easy handling 
of the needle 1 during surgery and help cut the ante- 
rior capsule quickly, easily, uniformly, and without 
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leaving anterior capsule tags. It has been found that 
actual cutting time may be limited to 20 seconds. The 
bent or hooked tip 10 may then be used to hook f pull 
and remove the cut anterior capsule 20 out of the eye 

5 after the ultrasonic cutting power has been turned off. 

Obviously, numerous modifications and varia- 
tions of the present invention are possible in light of 
the above teachings. It is therefore to be .understood 
that within the scope of the appended claims , the 

10 invention may be practiced otherwise than as specifi- 
cally described herein. 
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WHAT IS CLAIMED IS: 

1. A surgical cutting instrument comprising: 

a shaft having a base portion and a 
distal portion, said distal portion forming a bend 
5 angle with said base portion; and 

a cutting tip formed on said distal 

portion. 

2. The instrument of Claim 1 wherein said 
distal portion comprises an arcuate profile correspond- 

10 ing to a surface to be cut, 

3. The instrument of Claim 1 wherein said 
shaft comprises a hollow tubular shaft having a channel 
formed therein for the passage of fluid therethrough. 

4. The instrument of Claim 1 wherein said tip 
15 comprises a hooked tip. 

5. The instrument of Claim 1 wherein said tip 
comprises an arcuate saddle-shaped section. 

6. The instrument of Claim 1 wherein said bend 
angle comprises an angle of approximately 35°. 

20 7. The instrument of Claim 1 wherein said tip 

comprises at least one sharp cutting edge. 

8. The instrument of Claim 7 wherein said at 
least one sharp cutting edge comprises a first sharp 
cutting edge and a second sharp cutting edge, said 

25 first and second sharp cutting edges tapering toward 
the apex of said tip. 

9. The instrument of Claim 1 wherein said 
angle is formed at approximately the longitudinal mid- 
point of said shaft. 

30 10. A surgical cutting instrument, comprising: 

a shaft having a longitudinal axis, 
said shaft formed with a curved section along said 
longitudinal axis and having a cutting tip provided 
thereon. 

35 11. The instrument of Claim 10 wherein said 

curved section corresponds to an arcuate surface pro- 
file of an anterior capsule of an eye lens. 
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12. The instrument of Claim 10 wherein said 
shaft comprises a hollow tubular shaft having a channel 
formed therein for the passage of fluid therethrough. 

13. The instrument of Claim 12 wherein said 
5 hollow shaft defines an outlet adjacent said tip for 

the exit of fluid therefrom* 

14. The instrument of Claim 10 wherein said 
cutting tip comprises first and second cutting edge 
portions. > , 

10 IS. The instrument of Claim 14 wherein said 

first and second cutting edge portions taper toward 
said tip to define a wedge-shaped tip. 

16. The instrument of Claim 10 wherein said tip 
comprises an arcuate saddle-shaped surface portion 

15 defining a hook-shaped tip. 

17. The instrument of Claim 16 wherein said tip 
further comprises a concave surface portion opposite 

said saddle-shaped surface portion. 

18. The instrument of Claim 17 wherein said 
20 shaft comprises a hollow tubular shaft defining an 

outlet adjacent said tip. 

19. The instrument of Claim 10 wherein said 
cutting tip and said shaft are formed homogeneously 
from tubular stock material. 

25 20, A method for cutting the anterior capsule 

of an eye comprising: 

providing a surgical cutting instrument compris- 
ing a shaft having a base portion and a distal portion f said 

distal portion forming a bend angle with said base portion; 
30 and a cutting tip formed on said distal portion; 

applying to said base portion ultrasonic vibra- 
tions directed along said shaft, whereby said cutting tip 
is vibrated ultrasonically, and 

applying said ultrasonically vibrating cutting 
35 tip to said anterior capsule and drawing it across said 
capsule, whereby a smooth cut is made in said capsule. 
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